INTRODUCTION
Calving difficulty has become a more frequent problem with the increased use of sires of the larger breeds in crossbreeding. Sagebiel et al. (1969) showed that the use of Charolais sires compared to Angus sires on Angus cows resulted in greater severity and greater frequency of dystocia. Fifty-eight percent of Angus heifers bred to Charolais bulls had calving difficulty. Laster et al. (1973) indicated that frequency of calving difficulty was 27 and 8%, respectively, when Charolais and Angus sires were used on Angus cows (including 2-year-old cows). Mean birth weights were 34 and 28 kg, respectively, for Charolais and Angus sired calves.
Calving is a dynamic process that can be divided into identifiable intervals. The quantification of these intervals should provide a useful description of the calving process. Thus, the objectives of this study were (1)to determine the effects of breed of sire and sire within breed on the length of these intervals, and (2) to investigate the interrelationships of the length of these intervals with gestation length, weight of dam, birth weight and calf sex.
MATERIALS AND METHODS
Several workers (Wihbank and LeFever, 1961; Sagebiel et al., 1969; Bellows et al., 1971; Brinks et aL, 1973; Laster et aL, 1973) have used numerical scores to indicate degrees of calving difficulty. However, very few Angus cows 3 years old and over in the Washington State University herd have had any calving difficulty when bred to Angus bulls. Thus, timed intervals during the calving process were decided upon in order to have continuous variation rather than one discrete class with no variation in the Angus.
This study covered the spring calving periods of 1971 and 1972. The first year 80 Angus cows, all of which had at least one previous 1118 JOURNAL OF ANIMAL SCIENCE, Vol. 42, No, 5, 1976 calf, were randomized within age group and bred to four Angus and four Charolais sires (10 cows per bull). The second year the study was repeated using three Angus and three Charolais sires on 60 Angus cows. The Charolais sires were used by A.I. but some of the Angus bulls were used in natural service, consequently gestation lengths were not known on all the Angus calves. Sixty-eight Angus and 49 Charolais • Angus calves were involved in this study. Breed of sire was confounded with mating system in that the Angus were straightbred and the Charolais sired calves were crossbred and thus affected by heterosis.
The cows were observed continuously during calving and the intervals recorded as follows: first appearance of the water bag to appearance of front feet (T1); appearance of front feet to head out with ears showing (T2); head out with ears showing to calf on the ground (T3); calf on ground to calf standing (T4); and calf on its feet to nursing (Ts). Variables T1, T2 and T 3 were analyzed separately and summed for total calving time (Tr). Variables T4 and Ts were analyzed separately and summed (TT). The time interval from the appearance of the water bag Until the calf was on the ground was used as a measure of calving difficulty. The calves were weighed at birth. Cow weights were taken before any cow had calved and again after all cows had calved and the mean weight used.
Data on calves pulled were not included in the analysis. In the first year two males and one female were pulled and they were sired by one Charolais bull. One other crossbred female was pulled the first year because of a posterior presentation. In the second year, only three male calves were pulled, one sired by each of the three Charolais bulls used. No females were pulled the second year. Data used in these analyses were biased to the extent of these exclusions.
The data were examined by analysis of variance and by determining simple correlations between traits.
RESULTS AND DISCUSSION
Breed of Sire Effects. Breed of sire affected gestation length and birth weight ( (1971) , using a numerical scoring system for calving difficulty, found a correlation of .48 (P<~.01) between birth weight and calving difficulty but a nonsignificant correlation (.1) between gestation length and calving difficulty in Angus dams. Also, Sagebiel et al. (1969) and Rice and Wiltbank (1970) found significant correlations between dystocia score and birth weight (.36 and .44, respectively). Although a different evaluation system (timed intervals) for measuring calving difficulty was used, the results of the present study appear to be in harmony with those of the workers cited above.
Charolais sired calves averaged 8.1, 1.6 and 13.9 rain longer than Angus sired calves for T2, T3 and T6, respectively ( (1973) . In the present study seven Charolais sired calves were excluded because they were pulled, and therefore an unbiased T6 was not available.
It is important to the cattleman to be able to predict difficulty of calving during the first part of parturition and make preparation for any assistance needed. T1 and T 6 were highly correlated (.85) (P<.01) and the correlations were the same in both breed groups. TI represented 50% of the total calving time (T 6) 
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in the Angus and 43% in the crossbred group. The T2 interval was also significantly correlated with T 6 (.55 and .69, for Angus and Charolais, respectively). T2 is mostly in the latter part of the total calving time but could be of practical use in anticipating further complications, especially if Tt had not been observed. The third calving interval, T3 is very short and represents about 10% of the total calving time. Although there was a significant breed of sire effect (table 1) with Charolais sired calves requiring 1.6 min longer than Angus, T3 was not significantly correlated with other traits within breed of sire.
There was a significant breed of sire effect on T4 ( Sire Effects. There were significant sire within-breed effects on birth weight and TI (table 1) . However, differences among sires within breed were not significant in the other traits studied.
Cow Weights. Cow weights were taken before and after calving season and a mean weight computed as being representative of cow size. Average cow weights were 490.5 kg for cows producing the Angus calves and 480.5 kg for cows producing crossbred calves. Cow weights and calf birth weights were correlated (P<.05) within the Angus and Charolais • Angus groups (.34 and .36, respectively). Bellows et al. (1971) found a significant correlation of .38 between cow weights (mid-gestation) and calf birth wights.
In the present experiment, cow weights were significantly correlated (.42) with total calving time (Te) in those cows producing crossbred calves, but not in the straightbred Angus (.01).
Thus, it appears that larger cows producing larger crossbred calves required a longer time during parturition. The results of the present study are not in agreement with Bellows et al. (1971) who found a significant negative correlation between body weights of Angus cows and calving difficulty score. These workers suggested the cows in their study may have been below optimum body size, resulting in more calving difficulty. The mean weight of Angus cows in their study was 359.4 kg pre-calving. The Angus cows in the present study had a mean weight of 485.5 kilogram. The heavier cows in the present study may have been larger due to increases in frame (skeletal dimensions) and/or finish.
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